1. Introduction {#s0005}
===============

Mitral regurgitation (MR) represents the second most common valvular disease in Europe [@bb0005]. This pathology evolves over many years, allowing the heart to adapt to a chronic volume overload, leading to significant and complex hemodynamic and structural changes. In chronic severe MR, left ventricular remodeling leads to the development of significant pulmonary hypertension in almost half of the patients [@bb0010], [@bb0015]. The increase in right ventricular (RV) afterload at first induces right atrial and RV remodeling, and afterwards leads to RV dysfunction. RV dysfunction represents a strong and independent predictor of mortality in left ventricular ischemic and non-ischemic heart failure (HF) [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050]. Alternate effects of surgical mitral valve repair or replacement on preexisting RV dysfunction have been reported in different published series of patients [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090] Percutaneous mitral valve repair with MitraClip has been shown to be associated with a favorable clinical outcome and left and right ventricular reverse remodeling in high-risk patients with severe MR [@bb0095], [@bb0100], [@bb0105], [@bb0110]. In the present study we evaluated the impact and the evolution of pre-existing RV dysfunction in high-risk functional MR (FMR) patients after successful MitraClip implantation.

2. Methods {#s0010}
==========

2.1. Study population and clinical endpoints {#s0015}
--------------------------------------------

From October 2008 to July 2014, 60 consecutive MitraClip treated patients were evaluated at San Raffaele Hospital and at EMO-GVM Centro Cuore Columbus, Milan, Italy. The MitraClip procedure was considered in patients with symptomatic severe FMR who fulfilled the echocardiographic criteria of eligibility and judged inoperable or at high surgical risk by a 'heart team', and had a life expectancy greater than 1 year (according to the ESC/EACTS 2012 recommendation class IIb, level of evidence C). Each patient was informed regarding the possible risk and procedural benefit of MitraClip procedure and written consent was obtained for the procedure, data collection, and subsequent analysis and publication. The study was approved by the Hospital Ethics Committee and no external source of funding supported this study. All patients had symptomatic moderate-to-severe or severe FMR despite optimal medical therapy. Prior to implantation, all patients underwent coronary angiography to exclude relevant coronary artery disease necessitating revascularization. Furthermore, patients underwent transthoracic and transoesophageal echocardiography to quantify MR and to judge morphological suitability for MitraClip implantation. According to the EVEREST II protocol [@bb0115], *acute procedural success* (APS) was defined as implantation of at least one clip and post-procedural MR ≤ 2 +. Advanced congestive heart failure (HF) defined patients with NYHA class III-IV in spite of maximal medical treatment and concomitant presence of LVEDD \> 70 mm and/or LVEF \< 20% and/or NT-proBNP \> 10,000 pg/ml. The transthoracic and transoesophageal echocardiograms were obtained using commercially available ultrasound diagnostic systems (Philips IE 33, Royal Philips Electronics, Amsterdam, The Netherlands, or Vivid 7 and Vivid E9, GE Medical Systems, Milwaukee, WI, USA) by two experienced investigators (MO and EA), according to current ESC/ACC guidelines [@bb0105]. Assessment of RV function was performed with the apical four-chamber and parasternal RV inflow and outflow tract views. The following quantitative conventional indices were measured: tricuspid annular plane systolic excursion (TAPSE), peak systolic velocity at the junction of the RV free wall and the tricuspid annulus, assessed with pulsed tissue Doppler imaging (S′TDI). Systolic pulmonary artery pressure (sPAP) was calculated from tricuspid regurgitation maximum pressure gradient by use of the modified Bernoulli equation, with the addition of an estimate of central venous pressure. Tricuspid regurgitation grade was evaluated according to a visual scale ranging from 1 to 4.

All FMR patients were stratified for RVdysf at baseline as with *No*/*Mild RV dysfunction*, (No-RVdysf group: TAPSE ≥ 16 mm and/or S′TDI ≥ 10 cm/s) or with *moderate*/*severe RV dysfunction*, (RVdysf group: TAPSE \< 16 mm and/or S′TDI \< 10 cm/s), according to the European Society of Echocardiography guidelines [@bb0120]. In case of discrepancy, the S′TDI was utilized as the discriminant value (90% sensitivity and 85% specificity to identify the presence of RVdysf) [@bb0125]. Patients were excluded if the morphology of the mitral valve made MitraClip implantation technically impossible or unlikely beyond the classical EVEREST criteria (i.e. short or calcified posterior leaflet without the possibility of leaflet grasping or moderate to severe mitral stenosis). All patients underwent blood sampling for routine complete blood count, basic metabolic panel, liver function test, NT-proBNP (Roche NT-proBNP assay) prior to MitraClip implantation. A 6 min walk test (6-MWT) was performed in eligible patient.

2.2. Study endpoints {#s0020}
--------------------

The *primary endpoint* of this study was the echocardiographic evaluation of RV function at 6-month follow-up after successful MitraClip implantation (echo-matched analysis). Additional pre-specified *secondary endpoints* were: A) composite efficacy endpoint \[cardiac death, hospitalizations for acute decompensated heart failure, LVAD (left ventricular assist device) implantation and need for conventional mitral valve surgery after MitraClip (up to 24-month follow-up)\]; B) New York Heart Association (NYHA) heart failure class and C) 6 min walking test (6-MWT) variation (at 6-month follow-up).

2.3. Mitraclip implantation procedure {#s0025}
-------------------------------------

The endovascular edge-to-edge mitral valve repair procedure has been previously described [@bb0115]. All procedures were performed using a 24 Fr MitraClip device using CDS01 or CDS02 (Abbott Vascular, Santa Clara, CA, USA). All clips were implanted under general anesthesia and fluoroscopic and transoesophageal echocardiographic control. Hemostasis was achieved by compression of the femoral vein for 5--10 min soon after figure-of-eight suture. Patients were transferred to our intermediate care unit or, if necessary, intensive care unit.

2.4. Clinical and echocardiographic follow-up {#s0030}
---------------------------------------------

Before discharge, all patients were evaluated with NYHA class assessment, 6-MWT, NT-pro-BNP measurement and echocardiography. After MitraClip implantation, patients were prospectively followed up at 1, 6 and up to 24 months. Clinical evaluation of NYHA class, blood sampling for NT-pro-BNP, and echocardiography were performed at every follow-up visit. When feasible, a 6-MWT was performed. Three and nine patients declined to attend, respectively, 6 and 24 months clinical follow-up examination after implantation. Nevertheless, in these cases, follow-up data was obtained by telephone interviews. Echocardiography was performed in 53 eligible patients at 6-months (98%) and in 49 patients after 24-month (91%).

2.5. Statistical analysis {#s0035}
-------------------------

Continuous variables were reported as mean ± standard deviation (SD) or median (inter-quartile range, IQR) and compared with Student\'s t test or Mann--Whitney or Wilcoxon tests, based on the normality (Kolmogorov--Smirnov goodness-of-fit test) of the data. Categorical variables (as frequencies or percentage) were compared with χ2 test with Yates correction for continuity or the Fisher exact test as appropriate for the available data [@bb0130]. Differences between matched baseline and 6-month follow-up echocardiographic data (*primary endpoint*) and NYHA class/6-MWT data (*secondary endpoints*) were analyzed using the matched-pair t-test or Wilcoxon signed-rank test, according to normality of distribution. Event-free survival during follow-up was evaluated according to the unadjusted Kaplan--Meier method and survival among groups was compared using log-rank test (Cox--Mantel test). Clinical follow-up was censored at the date of last follow-up or up to 24 months follow-up (2-year), whichever came first. Data on patients who were lost to follow-up were censored at the time of the last contact. Cox proportional hazards methods were used to estimate the independent effect of multiple independent variables on the risk of composite efficacy endpoint (*secondary endpoint*). To avoid multicollinearity, a "low-noise model" has been researched in which each predictor variable correlate at most only minimally with the other. Selection of the variables included in the multivariate model was done with backward elimination (Wald statistic, confirmed using forward and stepwise selection) based on covariates listed in [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}. Only the covariates that were significantly associated with the risk of composite efficacy endpoint at univariate analysis (p \< 0.05 for model inclusion and p \> 0.10 for exclusion) and that considered clinically relevant were included, and the convention of limiting the number of independent variables to 1 for every 10 events was followed [@bb0135], [@bb0140]. The proportional hazards assumption was checked both graphically and by hypothesis testing. Graphical examination was done using a log-cumulative hazard plot. Linearity was checked graphically using the smoothed martingale residuals from the null model plotted against the covariate variables. The results are reported as adjusted hazard ratios (HRs) with associated 95% Confidence Intervals (CI). Two-side p-values \< 0.05 were considered statistically significant. The statistical analyses were performed using SPSS 16.0.2 (SPSS Inc., Chicago, IL, USA) and NCSS 2007 (NCSS, Kaysville, UT, USA). Kaplan--Meier survival curves were generated with the use of GraphPad Prism software (version 4; GraphPad, Inc., San Diego, CA).Table 1Preoperative clinical characteristics of patients with FMR stratified for RV dysfunction (RVdysf).Table 1FMR patients (n = 60)No-RVdysf group (n = 38)RVdysf group (n = 22)p value*Clinical characteristics (%)*Age, years73 ± 873.6 ± 772 ± 80.478Proportion aged \> 80 years9 (15)7 (18)2 (9)0.329Male gender50 (83)31 (82)19 (86)0.632BMI, kg/m^2^25 ± 3.625 ± 2.824 ± 40.651BSA, m^2^1.8 ± 0.191.8 ± 0.181.8 ± 0.210.655Hypertension43 (72)29 (76)14 (64)0.294Hypercholesterolemia32 (53)21 (55)11 (50)0.662Previous/Current smoker27 (45)16 (42)11 (50)0.554Diabetes mellitus (DM)18 (30)10 (26)8 (36)0.413Insulin-dependent DM10 (17)5 (13)5 (23)0.338Moderate/Severe COPD19 (32)11 (29)8 (36)0.647CRF^⁎^36 (60)21 (55)15 (68)0.325Atrial fibrillation21 (35)11 (29)11 (50)0.103Logistic EuroSCORE27.2 ± 20.523.8 ± 1833 ± 230.101Logistic EuroSCORE \> 2530 (50)16 (42)14 (64)0.089STS score mortality7.9 ± 8.58.0 ± 8.77.7 ± 8.40.883Advanced congestive HF21 (35)10 (26)11 (50)0.093^§^6-MWT, m293 ± 97290 ± 92298 ± 1120.815Ischemic FMR etiology40 (67)24 (63)16 (73)0.449NYHA functional class (III-IV)42 (70)27 (71)15 (68)0.815Pulmonary hypertension^⁎⁎⁎^11 (18)7 (18)4 (18)0.916Coronary artery disease42 (70)24 (63)16 (73)0.115Three-vessel disease22 (37)14 (37)8 (36)0.970Chronic stable angina9 (15)5 (13)4 (18)0.606Previous pulmonary edema28 (47)16 (42)12 (54)0.355Previous AMI38 (63)21 (55)17 (77)0.119Previous PCI31 (52)18 (47)13 (59)0.384Previous CABG17 (28)10 (26)7 (32)0.658Peripheral vascular disease13 (22)6 (16)7 (32)0.146Previous stroke3 (5)0 (0)3 (14)**0.020***Laboratory analysis*NT-pro-BNP, pg/ml9004 ± 159588323 ± 1625810206 ± 158330.702NT-pro-BNP ≥ 10.000 pg/ml10 (17)4 (10)6 (27)0.077Sodium, mEq/l138 ± 4138 ± 4138 ± 40.967Hemoglobin, gr/dl11.8 ± 1.811.9 ± 1.711.7 ± 1.80.752RDW \> 15%37 (62)24 (63)13 (59)0.755RDW, %16.1 ± 2.115.9 ± 2.016.3 ± 2.10.551Creatinine, mg/dl1.06 ± 0.71.7 ± 0.71.6 ± 0.60.600Bilirubin, mg/dl0.86 ± 0.50.78 ± 0.550.99 ± 0.40.172AST, units/L59 ± 22480 ± 28324 ± 80.364ALT, units/L49 ± 16567 ± 20820 ± 90.309*Treatment history (%)*Cardiovascular medication Loop diuretic56 (93)34 (89)22 (100)0.170 Loop diuretic, mg138 ± 111144 ± 113128 ± 1110.603 Aldosterone antagonist29 (48)14 (37)15 (68)**0.024** Aldosterone antagonist, mg19.5 ± 16.614.9 ± 15.323.4 ± 17.10.180 Beta-blocker47 (78)31 (82)16 (73)0.308 CCB3 (5)3 (8)0 (0)0.170 ACE-I/ARB31 (52)21 (55)10 (45)0.213 Ivabradine6 (10)3 (8)3 (14)0.497 Digoxin9 (15)6 (16)3 (14)0.778 Cardioaspirin39 (60)25 (66)14 (64)0.708 Dual antiplatelet therapy17 (28)11 (29)6 (27)1.000 Oral anticoagulant therapy22 (37)12 (32)10 (45)0.317Electrical therapy ICD36 (60)19 (50)17 (77)**0.038** CRT-D11 (18)5 (13)6 (27)0.173 CRT-PM10 (17)5 (13)5 (23)0.234[^1][^2][^3][^4][^5][^6][^7]Table 2Preoperative echocardiographic features.Table 2FMR patients (n = 60)No-RVdysf group (n = 38)RVdysf group (n = 22)p value*Left ventricle and atrium*LVEDD, mm66.8 ± 9.266.1 ± 9.467.8 ± 9.10.507LVEDD \> 55 mm51 (85)32 (84)19 (86)0.851LVESD, mm56.1 ± 10.255.6 ± 10.157.0 ± 11.00.772LVEDV, ml210 ± 78210 ± 85211 ± 660.954LVESV, ml147 ± 69146 ± 77148 ± 550.914LVEF, %30 ± 1031 ± 1127 ± 70.097LVEF ≤ 35%44 (73)25 (66)19 (86)0.082MR 4 + (severe)50 (83)31 (82)19 (86)0.628Eccentric mitral regurgitation jet13 (22)8 (21)5 (23)0.950Tenting area, cm^2^2.93 ± 1.383.12 ± 1.862.79 ± 1.070.700Coaptation depth, mm12.63 ± 4.8711.98 ± 3.2913.51 ± 6.440.331Coaptation length, mm2.25 ± 1.982.55 ± 2.071.87 ± 1.650.293Restrictive transmitral filling patterns22 (37)13 (34)9 (41)0.861Atrium volume, ml134 ± 46135 ± 53131 ± 340.754  *Right ventricle and atrium*RV basal diameter, mm40 ± 838 ± 744 ± 8**0.048**RV basal diameter \> 42 mm12 (20)6 (16)6 (27)0.052TR grade \> 2 +15 (25)8 (21)7 (32)0.428sPAP, mmHg50 ± 1649 ± 1751 ± 140.626sPAP \> 60 mmHg12 (20)7 (18)5 (23)0.737TAPSE, mm19.3 ± 4.221.3 ± 3.415.5 ± 3.0**0.000**TAPSE \< 16 mm12 (20)0 (0)12 (54)**0.000**SʹTDI, cm/s10 ± 2.511.7 ± 1.47.3 ± 1.2**0.000**SʹTDI \< 10 cm/s21 (35)0 (0)21 (95)**0.000**[^8][^9]

3. Results {#s0040}
==========

The principal baseline characteristics of the overall population of patients with FMR (60 patients) are reported in [Table 1](#t0005){ref-type="table"}. Briefly, the mean age of patients was 73 ± 8 (15% were \> 80 years old) and the majority of them were male (83%). Most patients had an increased surgical mortality risk as assessed by the logistic EuroSCORE (27.2 ± 20.5) and STS score (7.9 ± 8.5). 30 patients (50%) had a logistic EuroSCORE \> 20 and were thus considered very high risk patients for surgery. Ischemic FMR etiology was present in 67% of cases. 42 patients (70%) were in NYHA class III-IV. Preoperative echocardiographic features are reported in [Table 2](#t0010){ref-type="table"}. Mean LVEF was 30 ± 10% and 73% of cases had LVEF \< 35% at presentation. Of these, 10 patients (17%) had an NT-proBNP \> 10.000 pg/mL. In most of these cases, MitraClip procedure was the last treatment option before considering left ventricular assist devices implantation as destination therapy. According to echocardiographic diagnostic criteria, we identified 38 patients (63%) with no/mild RV dysfunction (No-RVdysf group) and 21 patients (37%) with moderate/severe RV dysfunction (RVdysf group). Between the two patients\' groups there were no significant differences in terms of clinical and echocardiographic characteristics except for history of previous stroke, implantable cardioverter-defibrillator (ICD) and use of aldosterone antagonist which were significantly more often present in RVdysf group, [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}.

3.1. Acute MitraClip results {#s0045}
----------------------------

Acute procedural success (APS) was achieved in 54 patients (90%), [Fig. 1](#f0005){ref-type="fig"}. Four patients had post-procedural MR \> 2 +, in one case the procedure was interrupted because of pericardial tamponade soon after transeptal puncture requiring percutaneous drainage. One patient had retroperitoneal bleeding from femoral access site, which was managed with manual compression and urgent embolization with ethylcellulose microspheres. APS was obtained in all patients who implanted one MitraClip (23 patients), in 94% of patients who implanted two MitraClips (31 patients), in none of patients treated with ≥ 3 MitraClips (5 patients). Peri-procedural complications are listed in [Table 3](#t0015){ref-type="table"}. Thirty-day mortality rate was 5% (three deaths, all in-hospital): two cardiac-deaths (in patients with end-stage heart failure) and one non cardiac-death (acute respiratory distress syndrome in obstructive and restrictive lung disease).Fig. 1Study flow-chart.Fig. 1Table 3Procedural characteristics, complications and In-hospital outcome.Table 3FMR patients (n = 60)No-RVdysf group (n = 38)RVdysf group (n = 22)p valueAcute procedural success (APS)54 (90)34 (89)20 (91)0.858Procedure time, min97 ± 90108 ± 8770 ± 350.326Fluoroscopy duration, min50 ± 4556 ± 5338 ± 220.202Number of clip implanted1.63 ± 0.621.64 ± 0.631.62 ± 0.590.908Clip embolization000NAInotropic support20 (33)11 (29)9 (41)0.348IABP support8 (13)5 (13)3 (14)0.967*In-hospital outcome*Overall mortality3 (5)2 (5)1 (4)0.897Cardiac mortality2 (3)1 (3)1 (4)0.695Acute kidney injury1 (2)0 (0)1 (4)0.187Need for CVVH1 (2)0 (0)1 (4)0.176Major infection/sepsis2 (3)1 (3)1 (4)0.695Stroke000NAAMI000NAPartial clip detachment1 (2)1 (3)00.441Need for blood transfusion2 (3)0 (0)2 (9)0.132LOS, days7.6 ± 4.87.9 ± 5.47.0 ± 3.30.465[^10]

3.2. Echocardiographic outcome {#s0050}
------------------------------

Echocardiographic data at baseline and at 6-month follow-up in 53 eligible patients are reported in [Table 4](#t0020){ref-type="table"}, (one patient was missing for 6-month echo-matched analysis). Between baseline and 6-month follow-up, a persistent and significant reduction of MR grade was observed in all FMR patients and in the 2-subgroups, ([Table 4](#t0020){ref-type="table"} and [Fig. 2](#f0010){ref-type="fig"}, panel A). No significant differences were found in terms of LV end-diastolic and end-systolic volumes and diameter, as well as LVEF, in both groups (No-RVdysf and RVdysf). On the contrary, a significant improvement of RV function was observed in the overall population. RV function improvement was mainly driven by the cohort of patients with baseline RVdysf (TAPSE 15 ± 3.0 vs. 19 ± 4.5, p = 0.007; S′TDI 7 ± 1.2 vs. 11 ± 2.8, p \< 0.0001; baseline vs. 6-month follow-up, respectively), and was observed in 79% of patients with baseline RVdysf (15/19 patients). In all patients, mean systolic pulmonary arterial pressure (sPAP) was significantly reduced at follow-up (49 ± 14 vs. 45 ± 13, baseline vs follow-up, p = 0.039), while tricuspid regurgitation grade did not change significantly (2.1 ± 1.2 vs. 1.9 ± 1.0, p = 0.302); however, a sub-analysis including only 16 patients with moderate to severe tricuspid regurgitation (TR ≥ 2), showed a trend in reduction of TR grade after MitraClip (2.9 ± 0.9 vs. 2.4 ± 1.0, p = 0.08). We did not find significant differences in RV function improvement according to MR etiology (ischemic vs. non-ischemic cardiomyopathy).Fig. 2Mitral regurgitation grade at baseline, discharge, 6 months and 12 months after MitraClip implantation in all FMR patients (panel A) and at baseline and 6 months in patients stratified for RV dysfunction (RVdysf, panel B).Fig. 2Table 4Echo-matched 6-month analysis after successful MitraClip implantation in all eligible FMR patients stratified for RV dysfunction (RVdysf).Table 4FMR patients (n = 53)No-RVdysf group (n = 33)RVdysf group (n = 20)Baseline6-Monthp valueBaseline6-Monthp valueBaseline6-Monthp valueLVEDV, mm217 ± 73220 ± 660.697216 ± 69217 ± 560.880218 ± 81223 ± 820.707LVESV, mm155 ± 64154 ± 640.880152 ± 61150 ± 550.739159 ± 71159 ± 770.980LVEDD, mm66 ± 764 ± 100.15366 ± 6.563 ± 9.50.13265 ± 1064 ± 130.815LVESD, mm56 ± 1554 ± 190.58063 ± 1464 ± 120.50064 ± 1265 ± 130.632LVEF, %30 ± 932 ± 100.06632 ± 1034 ± 100.08328 ± 729 ± 100.446LA volume, ml139 ± 36125 ± 540.139138 ± 42122 ± 310.094141 ± 23131 ± 810.623MR grade3.8 ± 0.62.0 ± 1.0**0.000**3.8 ± 0.62.1 ± 0.9**0.000**3.8 ± 0.51.6 ± 1.0**0.000**sPAP, mmHg49 ± 1445 ± 13**0.039**46 ± 1542 ± 13**0.045**53 ± 1250 ± 13**0.035**TAPSE, mm19 ± 4.521 ± 4**0.018**21 ± 322 ± 30.66915 ± 319 ± 4.5**0.007**SʹTDI, cm/s10 ± 2.511.5 ± 2.3**0.002**12 ± 1.212 ± 1.90.8637 ± 1.211 ± 2.8**0.000**TR grade2.1 ± 1.21.9 ± 1.00.3021.9 ± 1.11.9 ± 0.90.8402.4 ± 1.22 ± 1.10.088RV diameter, mm39 ± 941 ± 70.06736 ± 839 ± 5.50.12543 ± 1045 ± 70.366[^11]

3.3. Clinical follow-up {#s0055}
-----------------------

Mid-term follow-up events are listed in [Table 5](#t0025){ref-type="table"}. The overall mean follow-up time was 565 ± 310 days (median 395 days). The duration of clinical follow-up was not statistically different between RVdysf and No-RVdysf groups. Significant NYHA improvement of 1 or 2 functional classes was observed in all patients and was persistent at 12-month follow-up ([Fig. 3](#f0015){ref-type="fig"}, panel A), without difference within the 2 groups ([Fig. 3](#f0015){ref-type="fig"}, panel B). The mean improvement in the 6-min walking test was significant in both groups (120 and 143 m, RVdysf and No-RVdysf groups, respectively; [Fig. 4](#f0020){ref-type="fig"}). Six patients (10%) died between the first month and the end of the sixth month after discharge: 5 cardiac deaths (4 due to refractory heart failure and 1 sudden death), 1 non-cardiac death (bowel occlusion). During follow-up, 2 cases of partial clip detachment were observed. Two patients received LVAD due to progressive heart failure (median time period after MitraClip 185 days, IQR 45--240). One case of redo-procedure was performed successfully for the patient with pericardial tamponade during the index procedure. At Kaplan--Meier and Cox-regression analysis, the presence of RV dysfunction did not affect the outcome in patients with APS (final MR ≤ 2) in terms of freedom from composite efficacy endpoint (47% vs. 63%, RVdysf vs. No-RVdysf, respectively, p = 0.567), [Fig. 5](#f0025){ref-type="fig"}. Multivariable Cox regression analysis was used to identify clinical independent predictors of composite efficacy endpoint in all patients. The adjusted Cox proportional-hazard analysis identified advanced congestive HF and Logistic EuroSCORE \> 25 as significant independent predictors of composite efficacy endpoint ([Table 6](#t0030){ref-type="table"}).Fig. 3Distributions of New York Heart Association functional (NYHA) class at baseline, 6 months and 12 months after MitraClip implantation in all FMR patients (panel A) and in patients stratified for RV dysfunction (panel B). Matched analysis available for 57 patients at 6-month and 43 patients at 12-month.Fig. 3Fig. 4Six-minute walk test distance at baseline, discharge, 6 months in all FMR patients (panel A) and at baseline and 6 months in patients stratified for RV dysfunction (RVdysf, panel B). Matched analysis available for 45 patients at 6-month.Fig. 4Fig. 5Kaplan--Meyer curves of Freedom from combined primary endpoint according to presence or not of RV dysfunction (RVdysf).Fig. 5Table 5Clinical outcome in all eligible FMR patients.Table 5FMR patients (n = 57)No-RVdysf (n = 37)RVdysf (n = 20)p valueDays follow-up605 ± 310671 ± 280605 ± 3220.553All death18 (32)10 (27)8 (40)0.315Cardiac death15 (26)7 (19)8 (40)0.085Sudden cardiac death5 (9)1 (3)4 (20)0.031AMI0001.000Stroke1 (2)1 (3)0 (0)0.458Bleeding4 (7)3 (8)1 (5)0.664Re-hospitalization for HF20 (35)12 (32)8 (40)0.470Need for LVAD implantation2 (3)2 (5)0 (0)0.294Composite efficacy endpoint26 (46)15 (40)11 (55)0.339NYHA class improvement 1 or 2 class improvement24 (42)16 (43)8 (40)0.764 3 class improvement6 (10)4 (11)2 (10)0.910Table 6Predictors of composite efficacy endpoint (Cox proportional-hazard analysis).Table 6Univariate analysis (p value)Multivariate analysis (p value)HR (95% CI)RVdysf0.4160.6020.76 (0.2--2.1)Chronic renal failure (CRF)0.7950.2871.79 (0.6--5.2)Logistic EuroSCORE \> 25**0.0090.030**3.82 (1.1--12.8)Advanced congestive HF**0.0000.001**6.67 (2.1--20)Acute procedural success (APS)0.1590.5850.69 (0.1--2.5)[^12]

4. Discussion {#s0060}
=============

This retrospective, observational, unblinded study involving high risk patients with FMR shows that: 1) successful MitraClip correction induces RV function improvement at 6-month follow-up in a sizeable proportion of patients; 2) RV dysfunction is not a predictor of unfavorable medium term clinical outcome; and 3) MitraClip implantation reduces significantly the grade of tricuspid regurgitation in those patients with baseline moderate to severe tricuspid regurgitation. Additionally, our results confirm a significant and persistent reduction of FMR grade during follow-up, which is associated to concomitant improvements in NYHA functional class and six-minute walking test, as previously reported [@bb0145], [@bb0150], [@bb0155], [@bb0160].

This study confirms previous observations reporting that reduction in LV filling pressure obtained after MitraClip implantation yields a positive effect on the hemodynamic of the right sections. At 6-month echo-matched analysis, significant reduction in sPAP and significant increase in longitudinal RV systolic function (increase in TAPSE and RV S′TDI) were observed in 79% of patients with baseline RV dysfunction. These findings could be related to the fact that RV performance is influenced by elevated sPAP, which is a common finding in severe chronic MR. Reduced or normalized sPAP after surgical mitral valve repair could at least in part be the mechanism of the observed improvement of RV impairment in such patients [@bb0165], [@bb0170]. In the present study, we did not observe an overall positive left ventricular remodeling effect, as reported in other experience [@bb0155], [@bb0160], [@bb0175]. However, an improvement of mean LVEF (of at least \> 5%) at echo-follow-up was observed in 34% of patients (17/53 echo-matched); these patients were different from patient with no LVEF improvement only for significantly lower baseline LVEDV (183 ml vs. 234 ml, p = 0.039). It is plausible that a better left ventricular functional outcome could be observed in a larger study population. Right ventricle could be more sensible to volume overload than left ventricle is, because of their anatomical structures. It is conceivable that a reduction in volume overload could be initially beneficial for the right ventricle and then for LV. A longer follow up could show changes in left ventricle function. As a matter of fact, in chronic MR and LV dysfunction, subclinical LV damage could be present well before the appearance of LV function impairment [@bb0180], [@bb0185]. Similarly, irreversible myocardial damage was likely already present in our study population, in the context of severe MR and LV dysfunction. The lack of further deterioration of LV function could therefore be considered as a therapeutic goal, even in absence of significant improvement.

4.1. RV dysfunction and outcome {#s0065}
-------------------------------

RV outcome after MitraClip procedure is not yet clearly defined [@bb0105], [@bb0110]. RV dysfunction (mainly due to impairment of the longitudinal shortening of the ventricular fibers) is the result of a complex interaction between the remodeled and enlarged left ventricle and atrial, septal performance, and sPAP in presence of significant MR [@bb0020]. Different studies in this context have reported conflicting results. RV dysfunction has been reported to be a strong predictor of poor cardiovascular and overall survival in patients with heart failure [@bb0050], [@bb0085], [@bb0195], [@bb0190], [@bb0200]. Conversely, isolated tricuspid regurgitation has been associated with a poor prognosis, independent of age, biventricular systolic function, RV size, and dilation of the inferior vena cava [@bb0205]. Ghio et al. observed that RV function may be preserved despite elevated sPAP and that RV dysfunction may be observed even in patients with normal sPAP [@bb0040]. On the other hand, other studies have established an inverse relation between RV systolic function and pulmonary arterial pressure [@bb0210]. A recent observation indicates that RV dysfunction, but not significant TR, is independently associated with late survival after left heart valve surgical procedure [@bb0215]. In fact, recurrence or new development of significant tricuspid regurgitation late after left heart valve surgical procedure is frequently found and varies between 9% and 49% [@bb0220], [@bb0225], [@bb0230]. It can be speculated that in patients with severe right heart dysfunction, the higher mean trans-mitral pressure gradient determined by MitraClip acting as a "iatrogenic" mild mitral stenosis, may prevent progressive dilation of LV, but it could further overload an already malfunctioning right ventricle [@bb0235]. In our series of patients, the presence of RV dysfunction did not affect clinical outcome in terms of composite efficacy endpoint rate, which was not significantly higher compared to patient without RV dysfunction (63% vs. 47%, p = 0.567, [Fig. 4](#f0020){ref-type="fig"}). In fact, RV dysfunction improved while TR grade remained unchanged. On the other hand, the Cox proportional-hazard analysis identified advanced congestive HF and Logistic EuroSCORE \> 25 as the only significant independent predictors of composite efficacy endpoint. Pre-existing RV dysfunction before mitral valve repair has been associated to further deterioration during follow up. On this basis, surgical repair before the occurrence of biventricular impairment has been advocated. The most plausible explanations of our results may be related, first, to the follow-up analysis focused on patients with successful MitraClip procedure, second, to the mild baseline RV dysfunction (TAPSE 15.5 mm, S′TDI 7.3 cm/s) of the RVdysf group. Finally, we should also take into account that mitral surgery may generate more myocardial damage than a MitraClip procedure. However, the effects of open heart surgery and extracorporeal circulation by themselves could well play a crucial role on an already diseased RV, which is known to be more vulnerable as compared to the left heart [@bb0240]. Recently, Orban et al. [@bb0245], reported a significantly higher rate of mortality in a subgroup of patient with severe biventricular heart failure and high-risk profile (mean LVEF 19.8%, TAPSE 13 mm, Logistic EuroSCORE 31.1) and found RV dysfunction and pulmonary hypertension as predictors of poor outcome (1-year mortality of 77%). Additional explanations for this difference compared to our results could be related to a different patient selection (higher LVEF and smaller LVEDD in our patients) and definition of procedural success.

The major limits of the present study are related to its observational nature, relatively small sample size and lack of a reference standard for RV functional evaluation (such as magnetic resonance imaging or three-dimensional echocardiography). Moreover, it reflects the initial experience of our center and thus the results must be regarded as hypothesis generating and exploratory and require validation in further larger studies.

4.2. Conclusions {#s0070}
----------------

This observational study shows that successful MitraClip implantation in patients with FMR and RV dysfunction yields significant improvement of RV function at mid-term follow-up. The presence of RV dysfunction does not appear to be a predictor of unfavorable clinical outcome in these patients. The minimally invasive approach of MitraClip could have played a significant role in avoiding the late deterioration of RV function and occurrence of tricuspid regurgitation, frequently observed after surgical mitral valve repair.
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[^1]: Data are presented as absolute numbers and percentages (for categorical variables) or mean value ± SD (for continuous variables) unless otherwise specified.

[^2]: Student\'s unpaired t-test for continuous data; Chi-square test for categorical data.

[^3]: AMI = acute myocardial infarction; ACE = angiotensin converting enzyme; ARB = angiotensin II receptor blocker; AST = aspartate aminotransferase; ALT = alanine transaminase; BMI = body mass index; BSA = body surface area; CABG = coronary artery bypass grafting; CCB = Calcium channel blockers; CRT D = cardiac resynchronization therapy with defibrillator; CRT-PM = cardiac resynchronization therapy without defibrillator; COPD = chronic obstructive pulmonary disease; ICD = implantable cardioverter defibrillator; NYHA = New York Heart Association. NT-pro-BNP = N-terminal protype-brain natriuretic peptide; PCI = percutaneous coronary intervention; RDW = red cell distribution with.

[^4]: Bold numbers indicate significance at p value \< 0.05.

[^5]: ^⁎^Chronic renal failure (CRF) was defined as an estimated glomerular filtration rate (eGFR) \< 60 ml/min/1.73 m^2^.

[^6]: ^⁎⁎^Severe pulmonary hypertension was defined as a pulmonary systolic pressure ≥ 60 mm Hg as estimated by doppler echocardiography.

[^7]: ^§^6-MWT = six minutes walking test, available in 34 patients (60% of patients).

[^8]: LVEDD = left ventricular end diastolic diameter, LVESD = left ventricular end systolic diameter, LVEDV = left ventricular end diastolic volume, LVESV = left ventricular end systolic volume, LVEF = left ventricular ejection fraction, LA vol = left atrial volume; MR = mitral regurgitation, RV = right ventricle, TR = tricuspid regurgitation, PAP = pulmonary arterial pressure, TAPSE = tricuspid annular plane systolic excursion, SʹTDI = systolic wave with tissue Doppler imaging.

[^9]: Bold numbers indicate significance at p value \< 0.05.

[^10]: CVVH = continuous venous-venous hemofiltration; AMI = acute myocardial infarction; LOS = length of stay.

[^11]: Bold numbers indicate significance at p value \< 0.05.

[^12]: Bold numbers indicate significance at p value \< 0.05.
